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words of a number of binary bits to a con- 
15 tinuous stream of binary bits regardless of 
a variation of the sequential rate of the 
incoming words. 

One of the primary problems encountered 
in digital parallel to serial converters is 
20 that of timing the transfer 1 of a number of 
bits appearing simultaneously on an equal 
number of lines into a seriel stream of bits 
on a single line. In conjunction with this 
problem, digital parallel to serial converters 
25 known in the past have had the problem 
of providing a continuous stream of inform- 
ation in serial form without any discontinu- 
ities therein. These difficulties arise from 
the fact that the sequential rate of the in- 
30 coming words varies over a small range, 
which variation is primarily due to a change 
in the speed of the storage media from 
which the incoming words are retrieved. 
Because of these problems of prior-known 
35 parallel to serial converters, various dis- 
advantages are evident in specific applica- 
tions of such converters. An example of 
such a specific application is the conversion 
of parallel-serial binary data recorded on a 
40 rotating magnetic memory to a serial stream 
of binary bits for display on a television 
raster. A viedo signal for the television 
raster display is formed of the serial stream 
of bits which must remain continuous re- 
45 gardless of any variation in the speed of 
the rotating memory, since any discontinu- 
ity in the" video signal will "appear as a 
repetitive pattern in the display. 

It is an object of the present invention 

tPnce 25p] 



icr gates and including an oscillator for 
generating gating signals at a predetermined 
rate to transfer the information from paral- 
lel form in said register into serial form, 65 
means responsive to said gating signals and 
to said timing pulses for developing an error 
signal in accordance with the difference be- 
tween said first rate and said predetermined 
rate, said generating means being responsive 70 
to said error signal for altering said pre- 
determined rate by controlling the frequency 
of said oscillator. 

The oscillator may comprise a flip-flop, a 
first gate having one Input conected to one 75 
output of said flip-flop and an output con- 
nected to one input of said flip-flop, and 
a second gate having one input connected to 
another output of said flip-flop and an out- 
put connected to another input of said flip- 80 
flop, the other input of each of said gates 
being connected to a source of voltage. 

An embodiment of the present invention 
will now be described by way of example, 
with reference to the accompanying draw- 85 
ings, in which : — 

Fig. 1 is a block diagram of a digital 
parallel to serial converter constructed in 
accordance with the present invention; 

Fig. 2 illustrates several important wave- 90 
forms useful in understanding the principles 
of the present invention; 

Fig. 3 is a partial block and partial 
schematic diagram of the oscillator circuit 
illustrated in Fig. 1; 95 

Fig. 4 is a block diagram of the counter 
illustrated in Fig. 1; 

Fig. 5 is a partial block and partial schem- 
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(71) We, Singer-General Precision, 
Inc., a corporation organised and existing 
under the laws of the State of Delaware^ 
United States of America, of Binghamton, 
New York 13902, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
cribed in and by the following statement : — 
This invention relates to a digital parallel 
to serial converter, and more particularly to 
a circuit arrangement which converts digital 
words of a number of binary bits to a con- 
tinuous stream of binary bits regardless of 
a variation of the sequential rate of the 
incoming words. 

One of the primary problems encountered 
in digital parallel to serial converters is 
that of timing the transfer of a number of 
bits appearing -simultaneously on an equal 
number of lines into a seriel stream of bits 
on a single line. In conjunction with this 
problem, digital parallel to serial converters 
known in the past have had the problem 
of providing a continuous stream of inform- 
ation in serial form without any discontinu- 
ities therein. These difficulties arise from 
the fact that the sequential rate of the in- 
. coming words varies over a small range, 
which variation is primarily due to a change 
in the speed of the storage media from 
which the incoming words are retrieved. 

Because of these problems of prior-known 
parallel to serial converters, various dis- 
advantages are evident in specific applica- 
tions of such converters. An example of 
such a specific application is the conversion 
of parallel-serial binary data recorded on a 
rotating magnetic memory to a serial stream 
of binary bits for display on a television 
raster. A viedo signal for the television 
raster display is formed of the serial stream 
of bits which must remain continuous re- 
gardless of any variation in the speed of 
the rotating memory, since any discontinu- 
ity in the video signal will appear as a 
repetitive pattern in the display. 

It is an object of the present invention 
{Price 25p] 



to obviate or mitigate the above disadvan- 50 
tages. 

According to the present invention there 
is provided a digital parallel to serial con- 
verter, comprising a register disposed for 
receiving information in_ parallel format at 55 
a first rate which is susceptible to variation, 
said information also including timing 
pulses indicative of said first rate, a plurality 
of transfer gates each having one input con- 
nected to a respective output of said regi- 60 
ster, generating means coupled to said trans- 
fer gates and including an oscillator for 
generating gating signals at a predetermined 
rate to transfer the information from paral- 
lel form in said register into serial form, 65 
means responsive to said gating signals and 
to said timing pulses for developing an error 
signal in accordance with the difference be- 
tween said first rate and said predetermined 
rate, said generating means being responsive 70 
to said error signal for altering said pre- 
determined rate by controlling the frequency 
of said oscillator. 

The oscillator may comprise a flip-flop, a 
first gate having one input conected to one 75 
output of said flip-flop and an output con- 
nected to one input of said flip-flop, and 
a second gate having one input connected to 
another output of said flip-flop and an out- 
put connected to another input of said flip- 80 
flop, the other input of each of said gates 
being connected to a source of voltage. 

An embodiment of the present invention 
will now be described by way of example, 
with reference to the accompanying draw- 85 
ings, in which : — 

Fig. 1 is a block diagram of a digital 
parallel to serial converter constructed in 
accordance with the present invention; 

Fig. 2 illustrates several important wave- 90 
forms useful in understanding the principles 
of the present invention; 

Fig. 3 is a partial block and partial 
schematic diagram of the oscillator circuit 
illustrated in Fig. 1; 95 

Fig. 4 is a block diagram of the counter 
illustrated in Fig. 1; 

Fig. 5 is a partial block and partial schem- 
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atic diagram of the clock and flip-flop cir- 
cuits illustrated in Fig. 1; 

Fig. 6 is a schematic diagram of the filter 
circuit illustrated in Fig. 1; 
5 Fig. 7 is a block diagram of the decoder 
illustrated in Fig. 1; 

Fig. 8 is a partial block and partial 
schematic diagram of the data strobe circuit 
illustrated in Fig. 1; 
10 Fig. 9 is a block diagram of the register 
illustrated in Fig. 1; 

Fig. 10 is a block diagram of the transfer 
gates illustrated in Fig. 1; and 

Fig. 11 illustrates a number of wave- 
15 forms useful in understanding the transfer 
of digital words in the form of parallel 
binary bits into a continuous stream of 
serial binary bits and applicable to the con- 
verter illustrated in Fig. 1. 
20 Like reference numerals throughout the 
various views of the drawings are intended 
to desicnate the same or similar structures. 

With" reference to Fig. 1, there is shown 
a digital parallel to serial converter con- 
25 strutted in accordance with the present in- 
vention. As shown therein, a storage unit 
12, which may be a magnetic drum or the 
like, continuously supplies digital words in 
parallel form to an N-bit register 14. A 
30 data-strobe circuit 16 enables the register 14 
to receive the digital data from the storage 
unit 12. Once the information is received 
in the register 14, it is available on output 
lines 14a, 14b — n for being transferred into 
35 a serial stream of information. A plurality 
of transfer gates 18 (N of which are illus- 
trated) have respective inputs thereof con- 
nected to the output lines 14a, 146 — n. By 
enabling the individual transfer gates 18 in 
40 succession, the information contained on the 
lines 14a, 14b — n is made available on an 
output line 20 in a serial stream. It can 
readily be appreciated that the timing of 
the enabling or gating pulses to the respec- 
45 tive transfer gates 18 is of critical import- 
ance if it is desired to provide a continuous 
stream of serial binary bits on the output 
line 20. As previously mentioned, the 
sequential rate of the incoming words from 
50 the storage unit 12 may vary slightly result- 
ing in a discontinuity in the stream of serial 
binary bits available at the output of the 
transfer gates 18. 
The present invention obviates or miti- 
55 gates this discontinuity problem by the pro- 
vision of a phase-locked loop in the circuit 
which supplies the enabling or gating pulses 
to the tranfer gates 18. In particular, a 
voltage-controlled oscillator 22 is connected 
60 to a counter 24, which counter effectively 
divides the output of the oscillator 22 by 
a predetermined factor. An output of the 
counter 24 is connected to a decoder 26 
which supplies gating pulses to the indi- 
65 vidua! transfer gates 18, and another output 



of the counter is employed for triggering 
the data-strobe circuit 16. 

One of the storage tracks in the storage 
unit 12 contains timing information which 
is supplied to a clock circuit 28. the timing 70 
information being synchronized with the 
transmission of information from the stor- 
age unit 12 to the register 14, and the 
clock circuit 28 generates a series of clock 
pulses in response to the timing information 75 
from the storage unit 12. 

A flip-flop 30 is responsive to an output 
from the counter 24 and to the timing pulses 
generated by the clock circuit 28. and as 
a result, the output waveform of the flip- 80 
flop 30 is a square wave whose DC average 
value is proportional to the phase error 
between the incoming timing pulses from 
the clock circuit 28 and the positive-going 
edges of the last counter stage in the counter 85 
24. The square wave output of the flip- 
flop 30 is filtered by a filter circuit 32 
which produces a DC error voltage which 
is supplied to the oscillator 22 to control 
the frequency thereof. 90 

The waveforms illustrated in Fig. 2 are 
useful in understanding the open-circuit 
operation of the phase-locked loop includ- 
ing the oscillator 22, the counter 24, the 
clock circuit 28, the flip-flop 30, and the 95 
filter circuit 32. As shown therein, the 
counter 24 supplies a signal to the flip-flop 
30 having a form represented by the wave- 
form 34. The clock circuit 28 supplies 
timing pulses to the flip-flop 30 having a 100 
form represented by the waveform 36. The 
input to the filter circuit 32 is open circuit. 
The output of the flip-flop 30 is a square 
wave having the form represented by the 
waveform 38, which has a DC average value 105 
proportional to the phase error between the 
incoming timing pulse from the clock circuit 
28 and the positive-going edges of the signal 
from the counter 24. As shown in Fig. 2. 
every positive transition of the waveform 110 
34 will complement the flip-flop 30 and 
every pulse from the clock circuit 28 will 
"SET" the flip-flop 30. The first two posi- 
tive pulses 38a and 386 of the waveform 
38 demonstrate the pulse width which is 115 
obtained during the condition when the 
oscillator 22 is providing the desired fre- 
quency output. The positive pulses 38c and 
38a" of the waveform 38 demonstrate the 
pulse width which is obtained during a con- 120 
dition of the output frequency of the oscil- 
lator 22 beine less than desired, and the 
positive pulses~38<? and 38/ of the waveform 
38 demonstrate the pulse width which is 
obtained during conditions when the output 125 
frequency of the oscillator 22 is greater than 
that desired. 

Fie. 3 illustrates — in partial block and 
partial schematic diagram form — the oscil- 
lator 22 illustrated in Fig. 1. The oscillator 130 
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22 is basically an astable multivibrator 
formed of a flip-flop 40 and two logical 
inverting (NOR) gates 42. The switching 
threshold, and thus the delay time, of the 
5 gates 42 is controlled by the voltage sup- 
plied at an input 44. The voltage at the 
input 44 is partially developed by a voltage 
divider network including a potentiometer 
46 having the variable contact arm thereof 
10 connected to the input 44, and partially by 
a voltage which is proportional to the DC 
average value of the signal at the output of 
the flip-flop 30 developed by the filter cir- 
cuit 32 and supplied to a terminal 48 which 
15 is connected to the input 44. One of the 
gates *42 has an output connected to the 
"SET" input of the flip-flop 40 and has an 
input connected through a resistor 49 to the 
"1" output of the flip-flop 40. The other 
20 of the gates 42 has an output connected to 
the "RESET" , input „of the .fliprflop 40_and 
has an input connected through a resistor 
50 to the "0" output of the flip-flop 40. A 
gate 52 transfers the output of the flip-flop 
25 40 to an output line 54. 

The gates 42 are formed of emitter- 
coupled integrated circuit logic elements 
which are of the nonsaturating type, where- 
by the oscilaltor 22 provides a linear func- 
30 tion output with the use of digital elements. 
The counter 24 is illustrated in Fig. 4 in 
block diagram form and includes three 
flip-flops 56, 58, and 60 and a gate 62. 
Two inputs of each of the flip-flops 56, 58 
35 and 60 are connected to an input terrninal 
64 which is connected to an output of the 
oscillator 22. Outputs 56a, 58a and 60a of 
the flip-flops are supplied to the decoder 26 
of Fig. 1. An output 56b of the flip-flop 
40 56 is connected to one input of the gate 62 
and ; to inputs of the flip-flop 58. The flip- 
flops 56, 58 and 60 are of the buffered 
JK type, such that when a "0" level ap- 
pears at the output 56b, the flip-flop 58 
45 is conditioned to change its state upon the 
occurrence of a pulse at the terminal 64. 
An output 586 of the flip-flop 58 is con- 
nected to the other input of the gate 62, 
such that when a "0" level appears at the 
. 50 two inputs of the gate 62, a "0" at the 
output thereof conditions the flip-flop 60 to 
alter its state upon the occurrence of a pulse 
at the terminal 64. An output 60b of the 
flip-flop 60 is supplied to an input of the 
55 data strobe circuit 16 and to an input of 
the flip-flop 30. 

The clock circuit 28 and the flip-flop 30 
are illustrated in greater detail in Fig. 5, 
and as shown therein, the clock circuit 28 
60 includes a pair of flip-flops 66 and 68 which 
are of the buffered JK type. A timing 
signal from the drum memory storage unit 
12 is supplied to an input of the dock cir- 
cuit at a terminal 70 which is connected 
65 to one input of the flip-flop 66. The flip- 



flop 66 is conditioned upon the occurrence 
of a negative-going edge and is triggered 
upon the subsequent occurrence of a posi- 
tive-going edge. An RC time-constant cir« 
cuit 72 is connected at an output of the 70 
flip-flop 66 and provides a time delay reset 
pulse at a reset input 74. An appropriate 
output from the flip-flop 66 conditions and 
triggers the flip-flop 68 to provide an output 
puTse to the "SET" input of the flip-flop 75 
30. An RC time constant circuit 76 is con- 
nected between an output of the flip-flop 68 
and the "RESET" input thereof to control 
the pulse width of the signal supplied to the 
flip-flop 30. The JK inputs of the flip-flop 80 
30 are connected to the output 60b of the 
counter circuit 24 (see Fig. 4) and an output 
of the flip-flop 30 is provided on a line 
78 to the filter circuit 32. 

The filter circuit 32 is illustrated in Fig. 85 
6 wherein _an_ output of the flip-flop. 30 js 
supplied on the line 78 is connected to 
an input of the filter circuit 32 at a terminal 
80. The filter circuit 32 is essentially formed 
of an operational amplifier which is pro- 90 
vided with capacitive feedback to perform an 
integration. In particular, the input termi- 
nal 80 is connected through a resistor 82 to 
the base of a transistor 84. The collector of 
the transistor 84 is connected to ground by 95 
means of a resistor 85 and the emitter there- 
of is connected to negative voltage by means 
of a resistor 86. A transistor 87 is con- 
nected between ground potential and the 
emitter of the transistor 84 and a voltage V 1Q0 
is connected to the base of the transistor 87. 

The collector of the transistor 84 is con- 
nected to the base of a transistor 88 having 
the collector thereof connected to ground 
potential. The emitter of the transistor 88 105 
is connected through a resitsor 89 to a 
source of negative voltage. In addition, the 
emitter of the transistor 88 is connected 
through a resistor 90 and a capacitor 92 in 
parallel to the base of the transistor 84. A 110 
capacitor 93 is connected between the 
emitter of the transistor 88 and the source 
of negative potential. An output from 
the filter circuit 32 is provided through 
a resistor 94. In operation, the square wave 115 
signal supplied at the terminal 80 develops 
a DC signal at the output of the filter circuit 
32 which is proportional to the average 
value of the square wave input signal. 

The decoder circuit 26 is illustrated in 120 
Fig. 7 and includes a plurality of gates 95, 
96 and 97. Respective outputs 56a, 58a, 
and 60a of the counter illustrated in Fig. 4 
are connected to respective input terminals 
95a, 96a and 97a, respectively. The outputs 125 
appearing on the lines 95b, 96b and 97b 
are of the same polarity as the input signal 
to the respective gates, while the outputs 
95c, 96c and 97c are of opposite polarity to 
the signal supplied at the inputs of the re- 130 
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spective gates. As a result, the signals ap- 
pearing on the outputs of the gates 95, 96 
and 97 provide a 3 bit digital word which 
is employed for enabling the transfer gates 
5 18. 

The data strobe circuit 16 is illustrated 
in Fig. 8. A gate 98 is provided with three 
inputs which are connected to the output 
lines 95c, 96c and 97c of the decoder illus- 

10 trated in Fig. 7. Only when each of the 
inputs to the gate 98 is a "0". will the 
output on the line 100 be a "0". The data 
strobe circuit 16 also includes a flip-flop 
102 having an input connected to the output 

15 line 605 of the counter illustrated in Fig. 4. 
An RC time constant circuit 104 is con- 
nected between an output of the flip-flop 
102 and a "RESET" input thereto to con- 
trol the pulse width at the output. The 

20 output of the flip-flop 102 is connected 
through a pair of gates 106 which perform 
an inversion of the signal and supply an 
output on lines 106a and 1065. 

The register 14 is illustrated in greater 

25 detail in Fig. 9. A plurality of pairs of 
gates 103—115 are disposed for receiving a 
respective bit of information at their respec- 
tive a input terminal and the com- 
plement of a respective bit at their 

30 b input terminal. The gate 108 is 
enabled by a pulse applied to a termi- 
nal 110 which is connected to the output 
line 100 in Fig. 8. Gates 109, 110 and 111 
are enabled by a pulse applied to a terminal 

35 which is connected to the output line 106a 
in Fig. 8. In addition, gates 112, 113, 114 
and 115 are enabled by a pulse supplied to 
a terminal 114 which is connected to the 
output line 106b in Fig. 8. 

40 The digital word impressed on the input 
terminals of the gates 108 — 115 is trans- 
ferred to a plurality of flip-flops 117—124 
upon the occurrence of an enabling pulse 
at the input of the gates 108—115. As soon 

45 as the information is entered into the flip- 
flops 117 — 124. it is available at output 
terminals 126—133 thereof. . 

The transfer gates 18 are illustrated m 
greater detail in Fisr. 10. As shown therein, 

50 a plurality of gates' 135 — 142 are each pro- 
vided with four inputs, three of which are 
connected to respective outputs of the de- 
coder 26, and the fourth or which is con- 
nected to a respective one of the output 

55 terminals 126—133 of the register 14. The 
outputs of each of the gates 135 — 142 are 
transferred through a respective one of gates 
145 — 152 upon the occurrence of an enab- 
ling signal supplied at a terminal 154. The 

60 outputs of the gates 145 — 152 are connected 
together and to an input of a gate 156 
which provides a true and a compliment of 
the information on output lines 158 and 
160, respectively. 

65 The operation of the binary parallel to 



serial converter disclosed herein can be 
better understood with reference to Fig. 11 
which contains an illustration of several 
waveforms, denoted A to N, appearing 
throughout the circuitry. Figs. 11 A— H 70 
represent typical bits of information which 
are retrieved from the storage unit 12 sup- 
plied to the register 14. Accordingly, the 
first word of information supplied to the 
register 14 would consist of the binary bits 75 
10101100. % j 

The waveform of the output of the data 
strobe circuit 16 is illustrated in Fig. 11 -I 
and occurs during the first count in a count 
cycle of the counter circuit 24: This out- 80 
put appears on the lines 106a and 1066 in 
Fig. 8. Because of the specific connection 
of the gate 98 to the output of the decoder 
26, an output pulse is provided on the line 
100 during the eighth count of a count cycle 85 
of the counter 24. With reference to Fig. 
10, information is gated through the gates 
135 — 142 in succession, with information 
being gated through the gate 135 during a 
first count cycle, information being gated 90 
through the gate 136 during a second cycle, 
information being gated through gate 137 
during a third count cycle, etc. Accord- 
ingly, when information is being gated 
through the gate 142 during the eighth 95 
countT information is being entered into the 
flip-flop 117 (see Fig. 9). In addition, when ' 
information is being gated through the gate 
135 during the first count of the count cycle, 
information is being entered into the regi- 100 
sters 118—124. . 

The waveforms illustrated in Fig. 11 J, L 
and M correspond with the waveforms 
illustrated in Fig. 2. The output of the oscil- 
lator 22 is illustrated in Fig. UK, and the litt 
serial stream of information on the line 
158 in Fig. 10 is illustrated in Fig. UN. 

From a consideration of the waveform 
illustrated in Fig. 11, it can be appreciated 
that the serial stream of information on the HO 
output lines 158 and 160 is initiated upon 
the occurrence of a data strobe pulse. The 
data strobe pulse from the output lines 106a 
and 1066 in Fig. 8 occurs during a first 
time slot of a counting cycle of the counter H-> 
24, while the data strobe pulse on the output 
line 100 occurs in the previous time slot 
of the counting cycle. Accordingly, informa- 
tion is entered during a first time slot of 
the counting cycle into the gates 109—115 
and information is transferred to the output 
lines 158 and 160 from the gate 135 during 
the same time slot of the count cycle. 
During the next six time slots of the count- 
ing cycle, information is transferred from 125 
the registers 109—114 through respective 
ones of the gates 136—141 in sequence to 
the output lines 158 and 160. During the 
eighth time slot of the count cycle, infor- 
mation is transferred into the flip-flop 117 130 
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through the gates 108 and is transferred 
onto the output lines 158 and 160 through 
the gate 142. Any change in the count 
frequency due to a variation in drum speed 
5 will be corrected by the phase-locked loop 
including the oscillator 22, the counter 
24, the clock 28, the flip-flop 30, and the 
filter 32. 

The above-described digital parallel to 
10 serial converter is capable of supplying a 
continuous stream of serial binary bits re- 
gardless of a small variation of the se- 
quential rate of the incoming word and is 
therefore suitable for providing a tele- 
15 vision raster display of digital video in- 
formation. By virtue of the phase-locked 
loop which is responsive to an output from 
the reference oscillator and is further res- 
ponsive to clock pulses the output frequency 
20 of the oscillator is controlled. 

WHAT WE CLAIM IS: — 
1. A digital parallel to serial converter, 
comprising a register disposed for receiv- 
ing information in parallel format at a 
25 first rate which is susceptible to variation, 
said information also including timing 
pulses indicative of said first rate, 

a plurality of transfer gates each having 
one input connected to a respective output 
30 of said register, 

generating means coupled to said trans- 
fer gates and including an oscillator for 
generating gating signals at a predeter- 
mined rate to transfer the information from 
35 parallel form in said register into serial form, 
means responsive to said gating signals 
and to said timing pulses for developing an 
error signal in accordance with the differ- 
ence between said first rate and said pre- 
40 determined rate, 

said generating means being responsive 
to said error signal for altering said pre- 
determined rate by controlling the frequency 
of said oscillator. 



2. A parallel to serial converter as 45 
claimed in claim 1, wherein said developing 
means generates a signal which is propor- 
tional to the phase disparity between an 
output pulse of said oscillator and one of 
said timing pulses. 50 

3. A parallel to serial converter as 
claimed in claim 2, wherein said develop- 
ing means includes a bistable device hav- 
ing one input coupled to an output of said 
oscillator and another connected to receive 55 
said timing pulses, and means for gener- 
ating a D.C. voltage proportional in am- 
plitude to the average voltage of an output 
signal of said bistable device, said oscil- 
lator being controlled in accordance with 60 
said DC voltage. 

4. A parallel to serial converter as 
claimed in claim 3, wherein said generating 
means includes frequency-dividing means 
for frequency dividing an output- of said 65 
oscillator. 

5. A parallel to serial converter as 
claimed in claim 4, wherein said oscillator 
includes a flip-flop, a first gate having one 
input connected to one output of said flip- 70 
flop and an output connected to one input 

of said flip-flop, and a second gate having 
one input connected to another output 
of said flip-flop and an output connected 
to another input of said flip-flop, the other 75 
input of each of said gates being con- 
nected to a source of voltage to control 
the frequency of said flip-flop. 

6. A digital parallel to serial converter 
substantially as hereinbefore described with 80 
reference to the accompanying drawings. 

FITZPATRICKS, 
14 — 18 Cadogan Street, 
Glasgow, C.2, 
and 

Warwick House, 
Warwick Court, 
London. WC1R 5DJ. 



Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd. — 1972. 
Published at The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, 
from which copies may be obtained. 



1259268 COMPLETE SPECIFICATION 

5 SHEETS drawing Is a reproduction of 

the Original on a reduced scale 
Sheet 1 



12 



J 14 



J4d 



N-GATES 



,*4b 



7=t> 



m 



20 



STORAGE 



N-BIT 



t l4n 



i 

I i 
l 



I I 

t I 

I I 

I I 

"J 



<28 



CLOCK 



16 



DATA 




STROBE 





j£6 
DECODER 



<30 



F-F 



3E* 



COUNTER 



Fig.l 



FILTER 




OSCILLATOR 





A COUNTER 24 

36 



_n_r~ i_r~L_n_ 



8 clock28 | n j i n n n n_ 

ta f 38b ( 38C JBd (38 e ,38 f 

• — ^ _j\_rn_r-L_ 



C FLIP-FLOP SO » 




'38 



Fig-2 



1259268 COMPLETE SPECIFICATION 

c This drawi 
5 the Orlgi 

Sheet 2 



„ This drawing is a reproduction of 
5 SHEETS tbe Q riginQ i on Q reduced scale 



46; 



4 a 



V £2 



GATES 



AO 



S 1 

F-F 
R 0 



,52 



GATE 



54 



*50 



Fig „3 



Fig -4 

i 



56a 56b 



1 0 

F-F 
J K 



64 



58b 



sea 

,58 



GATE o 



60a% 60b_ 
60 K 



\ 


F-F 


0 


J 


J K 


K 



a 



1 0 

F-F 
J J K K 




Fig-5 



1259268 COMPLETE SPECIFICATION 

c cucek 771,4 drawing Is a reproduction of 
b 5Hfctl> ^ Original on a reduced tcole 
Sheet 3 






<** 


L 

Fig. 6 




Q - 

GATE 
N- 






--A^ *" 




0 - 
GATE 
N 


193 








97a 


Q 

GATE 
N 



95b 

( 95C 



( 96b 

f 9€C 



$126 



visa 



io8d m 



1 



_] 1 

1 0 

F-F 

S R 




1 0 

F-F 
S R 




1 0 

F-F 
3 R 


J09 




<I09 




li i 


GATES 

. ' r 




GATES 

— J— , 




GATES 

1 r~r 



Tt29 
\jl20 



I 0 

F-F 
S R 



UO 108b 109O. 109b 



Fig-T 



1 o 

F-F 

S R 



GATES 
L 



n 



/3f 
( I22 



I 0 
F-F 

S R 



GATES 
1 



<//3 
— ! — 
GATES 
X 



98 





GATE 


F/g-S 


f IOO 




0 





J 1 

F-F 
R 0 






104 




1 



1 — 

GATES 
J. 



106 



?7b 



\97C 



1132 4131 
1 oi n 



73J 
124 



F-F 



f //4 



GATES 



5 1 
\ i 


0 
F-F 
5 R 




<//5 




GATES 
1 

















1259268 COMPLETE SPECIFICATION 

ng is a ref 
lal on a n 

Sheet 4 



c cuccts This drawing is a reproduction of 
3 onccu t ^ Original on a reduced scale 



5> 



8 ? 





UJ 















CM 



UJ 

-<■ 

o 



S 



< 



< 



< 

e> 



< 

© 



<*> 




00 

fn 

"X 












to 








ATE 








o 






Ul 

»— 




5 


GA 



o 

i 



<0 

^) 


v> 


Ul 








o 


to 








ATE 












Ul 


I 




GA* 



i» i i o 



1259268 COMPLETE SPECIFICATION 

c eueirrc This lowing Is a reproduction of 
D 5ntfcli> the Original on a reduced scale 



Sheet 5 




THIS RAGE BLANK awni,. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




FADED TEXT OR DRAWING 



Tf *'Sp A 



